arXiv:hep-ex/9701007vl 13 Jan 1997 


EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH 


CERN-PPE/96-181 
December 5, 1996 

CONCEPTUAL STUDY OF AN “ANTI-TAGGED” EXPERIMENT 
SEARCHING FOR -»■ z/ e OSCILLATION 

Lucio Ludovici 1 ), Piero Zucchelli 
CERN, CH-1211 Geneva 23, Switzerland 

Abstract 

We study the conceptual feasibility of a high energy, “short baseline”, zero back¬ 
ground experiment to search for —► is e oscillations and fully covering the area 

where the LSND experiment claims evidence. The natural v e background of the 
beam, from K and // decays in the decay tunnel, is suppressed by a hadron 
blind detector that vetoes, by time coincidence, a possible n e signal in the neutrino 
detector ( anti-tagging technique ). We discuss this new idea and we study a possi¬ 
ble implementation in the old neutrino line of the PS accelerator, which at CERN 
offers the ideal L/E ratio. In the anti-tagged beam, the v e contamination can 
be reduced by more than two orders of magnitude over conventional beams, down 
to Ve/v^ = 5 • 1CP 5 . In an ideal appearance experiment using a 300 t detector 
one would expect after two years 112 events according to the LSND result, with 
a background of 1.1 -r 2.4 events. In case of a negative search, the 90% C.L. up¬ 
per limit in the mixing angle would be sin 2 28 efl < 1.8 • 10 -4 for large Am^ and 
Am^ < 3.3 • 10~ 2 eV 2 for maximal mixing. 
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1 Physics Motivations 

In the current experimental scenario of the neutrino oscillation search, claims of 
positive results come from the solar u e deficit [|IJ :3|. [3|, the atmospheric anomalous 

v^/v e ratio |6|, and the LSND z7 e excess [0. Whether the solar neutrino problem should 
be attributed to neutrino oscillations fi 


or to the solar properties |L(J [TT 


13 


is still an open question. On the atmospheric neutrino anomaly, different results [14, 


l5j [T7i|| and interpretations |17| [18]] suggest a conservative attitude in drawing definite 


conclusions. SuperKamiokande |L9| will provide soon an order of magnitude increase of 
the data available to study the atmospheric neutrino deficit and, with SNO ^0[ and 


BOREXINO |2l|, a deeper insight into the solar neutrino problem. On the other hand, 
no present or approved experiment is going to encompass the area indicated by LSND for 
possible ry —> u e oscillations. In the coming years, LSND will continue taking data and 


the KARMEN experiment, after an upgrade to provide a better shield for cosmic raysf22 


should reach a sensitivity comparable to that of LSND. It should be noted however that 
both experiments have a similar neutron signature in the same energy range and rely on 
background subtraction from similar sources. Furthermore, the LSND present analysis of 
the data J23| shows a limited potential in measuring the Am^ parameter. 


The variety of theoretical models [|9j. |24|, |25 


i7| predicting incompatible values of 
neutrino masses and mixing angles and the lack of a compelling experimental indication, 
strengthen the belief that future experiments should be mostly motivated by 

— a discovery potential which should allow to confirm or disprove existing claims of 
evidence for oscillation with a larger significance, possibly with a different detection 
technique and experimental signature; 

— an experimental sensitivity which in case of a negative result should allow to exclude 
a large and still unexplored area of at least one or two orders of magnitude in the 
Am 2 and sin 2 29 plane. 

The subject of this paper is the feasibility of a high energy beam (E p > 1 GeV), 
short baseline appearance zy —» u e experiment with “zero background” and maximum 
sensitivity for Am^ « few eV 2 . This offers a unique opportunity to probe the region where 
LSND claims evidence for oscillation with a different signature, ultimately measuring the 
Am^ parameter in case of positive evidence. 

The main problem to face using high energy ry beams consists in the irreducible 
background due to u e contamination produced by kaon and muon decays in the decay 
tunnel. In conventional neutrino beams and detector setups [^, |29], |30 


Ij, the expected 
with respect to 


u e events due to the beam contamination are of the order of 0.5 — 
the interactions and this makes it very difficult to probe the oscillation probability 
P(z/„ -> u e ) = (0.3llo;Jo ± 0.05)% given by LSND. 


2 Motivation for a zero background experiment 

The search for ry —» v e oscillation in the appearance mode in a conventional u fl 
beam requires an accurate modelling of the small u e content in order to subtract the 
corresponding background. In the regime where a large background from v e contamination 
has to be subtracted, the 90% C.L. limit put on the oscillation probability by a negative 
search in an appearance experiment is ideally 1 )] given by 

P(v, v.) ~ 1,28^| ( 1 + ^§^ N + C ‘) (!) 

0 All other background contributions are neglected. 
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where A is the observed number of neutrino interactions, C e is the u e contamination of 
the beam and A C e is its absolute uncertainty. 

In a zero background experiment, which could be defined by the condition C e N < 1, 
the limit on the oscillation probability is given by 

PK - Ve) = ^ > 2.3 ■ C e (2) 


To give a numerical example, in a conventional beam with a u e contamination 
C e = 1% and AC'e/C'g = 3%[], as long as the zero background condition is valid, the limit 
improves like 1/A. Then, below P(z/ /i —> u e ) ps 2.3 ■ C e = 2.3 x 1CU 2 , the limit improves 
only as 1 /VN up to the asymptotic limit P(i/ M —> v e ) ~ 1.28 • A C e = 3.8 x 1CT 4 , which is 
reached for 


A > 


(1 + C e )C e 

a a 2 


( 3 ) 


In the example above this would correspond to A > 1.1 x 10 5 . 

In other terms, an experiment taking A = 100, 000 events in such a beam could set 
a limit P(z/ M —> z/ e ) = 5.6 x 10 -4 while the same limit could be obtained with A = 4100 
events by a zero background experiment. This experiment would require a reduction of 
the z/ e contamination to C e < 1/A = 2.4 x 10~ 4 . An ideal neutrino detector in a zero 
background beam would then reach the same limit set by a detector ~ 25 times larger in 
a beam with the u e contamination stated above. 

From the point of view of studying the properties of a possible signal (like the 
oscillation parameter Am 2 /t ) a zero background experiment offers the advantage of a clear 
event by event identification of the signal, while in presence of background any information 
about the signal has to be extracted statistically from the candidate events. 


3 Anti-tagging Principle 

The principle of the anti-tagging consists in a delayed time coincidence between the 
u e production time in the meson decay and its interaction time in the neutrino detector. 
With respect to the existing idea of a tagged neutrino beam [EJ21 133], the flavour iden¬ 


tification is restricted to the u e background events and the neutrino detector can be at 
any distance from the source because no spatial correlation between the decay and the 
interaction is required. 

The aim of the anti-tagging is to suppress the u e contamination installing in the 
decay tunnel a detector capable to identify the production of each z/ e , thus vetoing the 
interactions which occur in the neutrino detector. Indeed, the tagging detector measures 
the positron accompanying the neutrino in the decay M —> i/ e e + X. In figure |1] is depicted 
the schematic arrangement of the experiment. Thin, planar modules installed in the decay 
tunnel perpendicularly to the meson beam, detect the passage of the positron measuring 
its crossing time T e (i ) on the i-th module. A downstream detector records all neutrino 
events and measures their interaction time T v d. 

Given a neutrino interaction, the information of all tagging modules is recorded in 
order to look for possible positron signals at time 


T e {i) = T vD - ( XvD Xi) + A T(i) (4) 

_ c 

2 ) Usually the beam contamination uncertainty is about 10%. A better knowledge requires a dedicated 
experiment for the K/-k ratio measurement and tight control of the systematics in the Monte Carlo 
simulation of the beam optics. 
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Figure 1: Conceptual layout of the experiment. 


where X„d and X t are respectively the positions of the neutrino interaction vertex and 
of the i-th tagging module. The term A T(i) would be zero if the neutrino crossing on the 
i-th tagging module would be isochronous with the positron and if cos9 u = 1. In general 
A T{i) depends on the beam energy and the detector geometry and it is given by 



where X u is neutrino production vertex position. A T{i) can be estimated on average, or 
even evaluated event by event when the positron direction cos9 e is measured as soon as 
the positron is detected by more than one module. 

The residual uncertainty on A T{i) has to be smaller than the resolution St of the 
time anticoincidence between T u n and T e {i) used to veto neutrino events. 

Another condition which has to be satisfied by the time resolution St of the antico¬ 
incidence, concerns the random veto clue to accidental coincidence between an oscillation 
event and an uncorrelated positron: the time resolution should be such that St ■ f t < Cl, 
where f t is the tagging rate. 

Each tagging module operates by detecting the Cherenkov light produced by the 
positrons in the gas filling the decay tunnel, when the positron velocity /3 e exceeds the 
Cherenkov threshold 1/n, where n is the gas refractive index. The Cherenkov properties 
of different gases which could be suitable for our purpose will be discussed later in detail, 
but here we note that a gas radiator is needed in order to keep hadrons and muons below 
the Cherenkov threshold. 

The Cherenkov photons produced along the positron path are emitted in the forward 
direction with an aperture angle cos0 7 = l/(/3 e • n). They all reach the tagging module 
almost simultaneously, filling a circular area around the positron impact point (Cherenkov 
spot ) with a constant radial density and within a radius 


r = d ■ tcmQ-y 


( 6 ) 


where d is the radiator length. 

It can be shown that, in the limit tan9 e <C 1 /(n—1), the following relation holds for 
the difference between the positron crossing time and the arrival time of the Cherenkov 
photons emitted at a distance D 1 from the tagging module 

U-r e «^[n 2 -i] (7) 

This delay of the Cherenkov photons with respect to the positrons is negligible in every 
practical case, compared to the neutrino-positron timing. 
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4 Experiment design 
4.1 General layout 

In this section we present a possible implementation of the anti-tagging idea, to 
prove its feasibility by addressing the issues of tagging rate, efficiency, neutrino flux and 
background. The optimization of the design and eventually the identification of alternative 
or complementary options is left to a more comprehensive study. All the numbers quoted 
in the following sections are based on the reference layout described below, and when 
different solutions are considered it will be explicitly stated. 

The study has been performed with a full simulation of the target j34| and the 
magnetic optics [[Tj to calculate the characteristics of the secondary meson beam. The 
physics in the decay tunnel has been described with the JETSET Monte Carlo |36|, taking 
into account only decays and not particle interactions. 

The secondary meson beam is focussed and bent by 15° with a magnetic system 
which transports the positive charge particles into the decay tunnel. The decay tunnel is 
80 m long and is instrumented with the tagging detector, which is followed by a conven¬ 
tional dump to absorb all particles except neutrinos. 

The tagging detector consists of 25 tagging modules positioned along the tunnel. 
Each module is a Cherenkov threshold detector consisting of a 3 m long gas radiator 
followed by a planar photon detector. The gas radiator is operated sligthly above the 
atmospheric pressure for gas purity considerations. The radiator and the photon detector 
are contained in a cylindrical vessel of 1 m radius with thin windows on the front and 
rear side. The rear window is just on the back of the photon detector. We estimate the 
thickness of materials traversed by the particles to be less than 5 ■ ICC 3 X 0 per tagging 
module. 

The neutrino detector is located 810 m from the center of the decay region. For 
acceptance calculations, we assume a detector transverse square section of 4 x 4 m 2 . 


4.2 Neutrino Beam 

4-2.1 Proton beam 

A neutrino beam energy of a few GeV is suitable for a short baseline experiment 
with a maximum sensitivity in the range Arn 2 ^ ss few eV 2 . 

In order to keep the tagging rate to an acceptable level, the available proton intensity 
should be extracted onto the target as slowly as possible. The optimal solution would be 
the accumulation in a storage ring with a continuous extraction. Without accumulation, 
the anti-tagging is feasible provided a slow extraction scheme is adopted. 

At CERN the slow extraction is used both for the CPS and SPS proton accelerators. 
Both facilities could be exploited taking advantage of the existing decay tunnels and 
experimental halls. The flux estimate presented in this study is based on the assumption 
of a primary proton beam from the CPS accelerator with the characteristics summarized 
below. 

We assume a spill length of 500 ms at a proton energy of 19.2 GeV. The slow 
extraction is less efficient than the usual fast extraction, and the requirement of minimizing 
the proton losses in the machine limits at present the intensity to 10 13 p/cycle. In the 
foreseeable future, after the LEP shutdown and before the LHC era, the CPS proton 
availability could probably allow to allocate up to 4 cycles of 2.4 s each, in a supercycle of 
14.4 s. Then a neutrino experiment in an anti-tagged beam could run at the CPS with an 
intensity of 4 • 10 13 protons every 14.4 seconds, with a proton on target rate of 2 • 10 13 s^ 1 
during extraction. 
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Figure 2: Meson from target (right axis) and neutrino spectra in the detector (left axis). 
Both are normalized to the proton on target flux. 


Based on the CPS performances in the last four years, we assume a running time 
of 5600 hours per year devoted to physics, with an accelerator efficiency of 90%. In a two 
years data taking about 1.0 • 10 20 protons on target could be expected. 


4-2.2 Target and meson beam 

The secondary particles yield produced by 19.2 GeV/c protons impinging on a 
beryllium target is simulated using GEANT |34|]. The target is a cylindrical rod, parallel 
to the beam, with a diameter of 3 mm and a length of 110 cm (corresponding to 2.7 
absorption lengths and 3.1 radiation lengths). 

Figure [| shows the spectra of 7r + and K + produced in the target. A traditional 
horn scheme for the focussing system is incompatible with the slow extraction because 
it has to be operated in short pulses fl37j. A magnetic system consisting of quadrupoles 
and dipoles can both focus and bend the meson beam from the target into the decay 
tunnel. In addition to the charge selection, the bending removes from the meson beam 
the K° component, which is the main source of u e background, and the direct photon 
yield from the target. The momentum acceptance of the focussing system cuts the low 
momentum part of the secondary beam, strongly suppressing the rate in the tagging 
detector due to the positrons produced by soft kaon decays and those produced in the 
target. A main advantage in such a focussing scheme consists in the low u e background 
in the neutrino detector. The relative u e flux is about 0.1% for a corresponding yield 
of 1.42 x 10 -5 v^/pot on the neutrino detector. The spectrum is shown in figure 

The meson beam focussing is not a critical issue, because at this energy the neutrino 
beam divergence is determined by the large neutrino decay angle with respect to the parent 
meson (24mrad for 7T /t2 and 64mrad for A /i2 on average). The meson beam divergence 
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should be small enough to contain the secondary beam inside the tagging detector. 

In our simulation we assume a magnetic focussing system with an angular accep¬ 
tance of 50 /iSr, a momentum selection of A P/P = 20% centered around P 0 — 8.5 GeV/c 
and a meson beam divergence of 3 mrad with a beam width of 10 cm. 

As an example we have simulated j35| a possible scheme where the target is followed 
by a collimator slit, a quadrupolar triplet, a dipole and finally a quadrupolar doublet for 
the end focussing. The compactness of the end focussing section after the bending is an 
important feature because the presence of the magnets complicates the tagging of the 
meson decays. A pure quadrupolar magnetic line, with non coaxial elements, could be 
an alternative solution for the focussing system still allowing a bending angle [|38|. An 


important difference with respect to the previous option, where the bending is obtained 
using a dipole, is the absence of the charge selection of the mesons. 

The flux of minimum ionizing particles in the central region of a tagging module, 
where the beam intensity is maximum, is estimated to be 180 MHz/cm 2 , including also 
the secondary particles from decays in the tunnel. 


4.3 Tagging Detector 

4-3.1 Cherenkov light for tagging 

Cherenkov threshold gas detectors have been used in high energy physics since a 
long time. The properties of a few gases at STP are reported in table |1|. Helium and neon 



He 

Ne 

h 2 

CF a 

n — 1 (10 4 units) 

0.35 

0.67 

1.38 

4.0 

0 7 (mrad) 

8.37 

11.5 

22.6 

28.2 

3thr 

120 

86 

43 

35 

I(eV) 

24.6 

21.6 

15.4 

12. 

e E thr (GeV) 

0.061 

0.044 

0.022 

0.018 

li E thr (GeV) 

12.7 

9.1 

4.5 

3.7 

7T E thr (GeV) 

16.7 

12.0 

6.0 

4.9 

K E thr (GeV) 

59.2 

42.4 

21.2 

17.3 

p E thr (GeV) 

112.6 

80.7 

40.4 

32.9 


Table 1: Cherenkov properties of some gases 

are natural candidates because at atmospheric pressure all positrons are above threshold, 
while the Cherenkov emission due to hadrons and muons can be neglected after the 
momentum selection. The differential Cherenkov light yield is given by 


/3 2 n(E) 2 J v ' 

and is intrinsically small for light gases Q. The integrated light yield increases with the 
bandwidth and then there is a clear advantage in detecting light up to the extended ultra¬ 
violet region (EUV), defined by a photon energy E < 25 eV (A > 51.2 nm). Light noble 
gases are particularly suitable because of their high ionization potential which determines 
the upper frequency for the light transmission. Appropriate EUV photon detectors have 

3 ) For helium, in the visible spectrum, about 0.027 photons/cm are emitted at saturation. 


dW _ aZ 2 / 
dEdx he \ 
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Figure 3: 77 = n — 1 as a function of the Cherenkov photon energy. 


to face the problem that most materials (in particular all solids) are not transparent. 
Solutions have been recently proposed and tested by |39], [4(| [III . 

In the optical region the refractive index is essentially constant but in the EUV, 
close to the allowed dipole transitions, the variation of the refractive index has to be 
taken into account in evaluating the integrated light yield from equation ([8]). p — n — 1 
can be calculated as a function of the photon energy by extrapolation of measurements 

1021 ' 


in the optical and UV region 
6 -v- 21.6 eV for helium and 6 


The result is shown in figure in the energy range 


16.7 eV for neon. The integrated photon/cm yield and 
the Cherenkov threshold for a few gas radiators are shown in figure [|. The addition of a 
proper “Cherenkov quencher”, i.e. traces of gas with a lower ionization potential, allows 
to tune the Cherenkov threshold and the light yield. The understanding, and the way to 
control such mechanism, can be studied in a test beam where the measurement of the 
light yield allows to determine experimentally, for the Erst time, the helium refractive 
index in the EUV region. 


4-3.2 Photon detector structure 

The characteristics of a suitable photon detector can be summarized as follows: 

— UV-EUV photon detection; 

— time resolution < 1 ns; 

— spatial granularity (1 -7- 5 cm or less); 

— low radiation length (< 0.01X 0 ); 

— high rate capability; 

— radiation hardness. 

The required time resolution is larger than the uncertainty on the A T(i) term 
defined in equation |5|. which is about 90 ps on average. 
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Figure 4: Cherenkov light yield as a function of 7 = E/mc 2 for He and Ne. The effect of 
CF 4 traces is shown together with the light yield in the visible (350 -7 500 nm). 


In this section we show a possible detector based on the Micro-Gap Chamber (MGC) 
technology |43 


Other possible solutions could be studied, such as MICROMEGAS 


or MCP based EUV detectors, as well as standard detection techniques for visible light 
coupled to fast wavelength shifters. 

The development of EUV photon detectors is particularly interesting because it 
could result in generic hadron blind Cherenkov detectors with fast timing and short radi¬ 
ator length, appealing for many applications in high energy physics. The MGC technology 
has already been applied to Cherenkov photon detection in the visible range [45]. Similar 
solutions could be adapted to detect photons in the EUV region (figure ||) . 

A first option consists in using metallic window MGC. The quartz window that 
dclimites the drift space in UV sensitive MGC could be replaced by an ultra-thin window 
supported by a thicker micromesh that acts as gas separator between the drift volume 
and the radiator, as suggested in [fffij . The ultra-thin window (about 50 nm) could be a 
metallic film with a Csl photocathode deposited by sputtering or the Csl photocathode 
itself. The drift distance can be 500 /am or less, in order to increase the hadron blindness. 
The window between the drift space and the radiator allows to choose the quencher and 
the radiator gas mixture independently, so that the MGC can operate at the maximum 
gain with the most efficient radiator. 

I 11 this scheme, a positron signal can give up to 100 p.e. x 5 • 10 4 = 5 • 10 6 electrons 
collected within a Cherenkov spot of 2.5 cm radius (3.5 cm for neon). Despite the strong 
suppression due to the small drift volume and the use of low Z gases, electrons can be 
produced by minimum ionizing particles both on the photocathode surface and, with a 
lower amplification, in the drift volume. In the central region of the tagging module, where 
the beam intensity is higher, the average signal from minimum ionizing particles on an 
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a) 


Cherenkov photon 



b) 


Cherenkov photon 


Radiator and Amplification Gas: Helium + CF 
PhotoCatho de strips (Csl) 



200 pm - 2 mm 


Figure 5: Two possible options for the photon detector with MGC: (a) with a thin metallic 
window and (b) windowless. 


area corresponding to a Cherenkov spot can be estimated to be of the order of 1 2 

photoelectrons. Then the fake positrons induced by the minimum ionizing particles can 
be efficiently reduced by applying a pulse height threshold. 

A second option consists in windowless MGC, where the radiator gas is the same 
mixture used for the amplification of the electron cascade. The photoelectrons are pro¬ 
duced directly on the strip cathodes (see figure |]) sputtered by a thin Csl him, as already 
studied in many high energy physics applications m- Csl photocathodes in light noble 
gas atmosphere, when an extraction held is applied, allow very high quantum efficiencies 
(up to 50%) in the EUV energy range J48|. With respect to the previous configuration, the 
amplification occurs in a single step and is consequently smaller (about 5-10 3 ). In this con¬ 
figuration the quencher fills the radiator volume and then quenchers with high ionization 
potential should be preferred in order to have a higher light yield. The light transmission 
and the gas multiplication should be optimized by maximization of the overall signal, 
using for example CF 4 (/ ~ 12 eV) or DME (/ ~ 10 eV ) as quenchers. 

We estimate that up to 30 p.e. x 5 • 10 3 = 1.5 • 10 5 electrons (50 p.e. for Ne) are 
collected for an average positron. The main advantage of this option, despite of the smaller 
signal amplitude, is the reduced sensitivity to minimum ionizing particles, which is only 
due to backward emission of secondary electrons from the photocatode surface. 

For the above considerations on the sensitivity to minimum ionizing particles and 
on the possibility to tune the Cherenkov threshold, the tagging rate is dominated by 
the positrons produced in the decay tunnel, and amounts to f t ~ 98 MHz. Since a 
positron traverses on average 6.1 modules, only 8.2 MHz are due to singles and the rest 
to coincidences of two or more modules. 

The numbers given should be confirmed by experimental data, addressing also the 
issues of radiation hardness, sensitivity to minimum ionizing particles and to scintilla- 
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tion light, as well as the actual performances of a prototype tagging module in a beam 
environment. 


4.4 Neutrino Detector Requirements 

The detector should be designed to identify a possible electron in the low multiplicity 
final state of a few GeV neutrino interaction. We will not address in this paper the issues 
of the neutrino detector in detail. The general detector requirements are 

— a mass of the order of ~ 300t; 

— a time resolution of ~ 1 ns or better; 

— e/ 7 r° separation at a level of < 10~ 3 ; 

— electron and muon identification; 

— cosmics background discrimination. 

A good energy resolution on neutrino interactions is an important feature for the Am^ 
measurement. To cope with these requirements several detector options are possible using 
technologies which are presently available or could be available with a reasonable R&D 
effort. 


A liquid argon TPC imaging detector, characterized by an excellent separation 
e/7r° = 1CT 4 j49|, satisfies all the requirements with the exception of the timing. This 
however could be provided by the detection of the scintillation light, or even better the 
Cherenkov light, produced in the liquid argon. 

A large volume water Cherenkov detector could also be a possible neutrino detector 
with an intrinsically good timing. 

Another viable solution consists in a conventional sandwich calorimeter, with thin 
(< 1/5X 0 ) absorbers and trackers, where the timing could be provided by the trackers 
themselves (for instance resistive plate chambers |50|) or by additional planes of fast 
scintillator. A different approach could be a fully active liquid scintillator calorimeter, 
segmented in a cell structure to provide a suitable tracking capability. 


5 Experiment sensitivity 

In this section we evaluate the z/ e composition of the beam, the anti-tagging effi¬ 
ciency, and the irreducible u e contamination. The possible sources of background in the 
z/ e detection are discussed, in order to assess the total contamination in the oscillation 
search. We finally estimate the experiment sensitivity for two years data taking, and the 
Am^ measurement potential in case of a positive —> v e signal detection. 

5.1 Anti-tagged beam background 

We identify the following sources of z/ e background, of which the associated positrons 
are not detected by the anti-tagging detector: 

— u e produced before the bending optics, which reach the far detector; 

— decays in uninstrumented regions of the decay tunnel; 

— tagging modules acceptance. 

The u e from decays occurring before the bending have a much softer spectrum than 
the from the decay tunnel. Applying a loose 1.5 GeV cut on the neutrino energy, the 
contribution on the detector can be estimated to be < 0.2 • lO' 5 ^/^. 

The beginning of the decay tunnel, where the focussing magnets are located, and 
the region close to the beam dump, are potential sources of untagged u e . Assuming that 
the photon detector of the first tagging module is positioned 6 m from the beginning of 
the tunnel, and that the magnets occupy the first 3 m, we estimate 42% of the positrons 
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produced in the magnet region cannot be detected, and this accounts for a background of 
2.7 • 10~ 5 Ve/vp. We assume that the u e production in the last 50 cm of the tunnel cannot 
be detected. Taking also into account the decays inside the beam dump, the contribution 
is evaluated to be 0.5 • 10 -5 /y e /V /t . Secondary muons from the meson decays are another 
source of u e background, which has to be estimated considering their penetration in the 
dump and possible decay outside the instrumented region. However, the u e contribution 
coming from muons escaping the decay tunnel has a soft spectrum and a broad angular 
distribution (due to the decay chain and the muon energy loss in matter) and from 
simulation it is negligible. 

The geometrical inefficiency due to large angle positrons escaping undetected from 
the tagging modules accounts for 2.0 ■ 10~ 5 background, including both K e3 and 

muon decays (respectively 89% and 11% of the v e in the neutrino detector). 

We conclude that the irreducible background is about 5-10~ 5 v e /v^ which improves 
by more than two orders of magnitude the v e contamination with respect to conventional 
neutrino beams. 


5.2 Background in the neutrino detection 

The main sources of background in the detection of u e interactions are 7r° resonant 
and coherent production and u^e interactions. 

The cross section of coherent production, measured in the interesting energy range 
by the Aachen-Padova collaboration [[51] and Gargamclle |52] , can be estimated in about 
20 -T- 40 • 10~ 40 cm 2 /nucleus, depending on the nuclear composition of the target and in 
agreement with the theoretical expectations ||53| . 

Neutral pions can be produced incoherently in nucleon scattering, and fake the 
electron signature. The Rein and Sehgal model [Q agrees well with Gargamclle |5]| data 
predicting a = 8.6 • 10 -40 cm 2 /nucleon. 

The properties are well known from theory, and were measured by the 

CHARM II experiment. The cross section is typically 1.6- 10~ 42 i%(GeV) cm 2 , and the 


characteristic kinematics can be distinguished because of the forward electron signature: 
Ed 2 < 2 m e . This background can be reduced below the foreseen sensitivity by requiring, 
for the oscillation candidate events, a minimum angle between the observed electron and 
the beam axis. 


5.3 Oscillation sensitivity 

The Vp flux onto the neutrino detector is 1.4 • 10 15 in two years of data taking. 
The inclusive charged current cross section has been measured in our energy range to be 
cr uN = (2.45 ± 0.15) • 10~ 38 cm 2 /nucleon at < E v >= 3.6 GeV |57| . This corresponds to 
about 36, 500 neutrino interactions (corrected for accidental vetoes) in a 300 t detector. 
From previous considerations on background, the irreducible contamination due to the 
beam u e component is 1.8 events. To evaluate the sensitivity in the oscillation search we 
restrict the sample to the range 2 < E v < 5 GeV, which loosely corresponds to neutrinos 
produced in the pion decays: in that case 36, 200 events are left, with a background of 
1.0 u e events. 

The overall 7T° contamination would be 0.14-i-1.4 events, depending on the separa¬ 
tion capability (e/n 0 = 10~ 4 -P 10~ 3 ). We have assumed, for simplicity of normalization, 
100 % detection efficiency both for signal and background, since this value strongly de¬ 
pends on the neutrino detector and analysis strategy. For the same reason we do not take 
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into account that the 7r° and the u^e —> u^e backgrounds are further reduced applying 
the mentioned cut on the reconstructed neutrino energy. 

All the relevant numbers are summarized in table ^|. The exclusion plot resulting 
from a negative search, calculated following the procedure described in ref. |58| 
in figure ||. The LSND region is fully covered, and part of the —> u e 
neutrino region is also probed. 


is shown 


atmospheric 


5.4 Anig measurement 

If the LSND hypothesis on —> u e oscillation is correct, the expected signal after 
two years run is 112 ± 40 events, with a background of 1.1 4- 2.4 events. We can profit 
from the small uncertainty on the neutrino flight path (A L/L ~ 3% RA4S) to measure 
Anig from the energy distribution of the oscillation events. In figure [7] are reported the 
energy distributions of the candidates for different values of Am^ , in the hypothesis of 
a detector resolution A E/E = 5%/ y/E(GeV). In the figure are shown 224 oscillation 
events that could be collected with a two years “discovery extension” of the run. 

Independently from sin 2 29 efll Am^ can be measured below a few eV 2 , while a lower 
limit on Am^ is set for higher values. In the last case, an extension run with a higher 
meson momentum selection or a close smaller detector could increase the region where 
the AmL modulation is measurable. 


Proton Energy 

19.2 GeV 

Duration of data taking 

2 years 

Integrated protons on target 

1.0 • 10 20 

Proton rate during extraction 

2 • 10 13 Hz 

z/ M /pot on detector 

1.42 x 10" 5 

z/ e /zz M (w/o anti-tagging) 

0.1% 

J'eAvCwith anti-tagging) 

5•10" 5 

Tagging rate 

ps 98 MHz 

Required e/7r° separation 

o 

1 

•I- 

o 

1 

CO 

<E U > 

3.6 GeV 

< L > 

810 m 

A L/L (RMS) 

3% 

events ( e det = 1 , E u = 2 -y 5 GeV) 

36,200 

u e background events (edet = 1 , E u = 2 -5- 5 GeV) 

1.0 

7r° background events 

0.14-5-1.4 

Expected u e oscillation events from LSND claim 

112 


Table 2: Main parameters and event rates. 


6 Conclusions 

We have presented the new idea of an anti-tagged beam, based on the time 
coincidence between a positron detected in the meson decay tunnel and the neutrino 
interaction. The meson decay tunnel is instrumented with noble gas Cherenkov detectors, 
which tag the positron produced in association with the u e . 

We have shown the conceptual feasibility of this idea discussing a possible imple¬ 
mentation at the CERN PS. A high energy beam with an effective u e contamination 
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sm z 2tS 


Figure 6: Exclusion plots from a negative search in a two and four years data taking period. 
The LSND favored regions (90% and 99% likelihood probability) are shown as well as the 
KAMIOKANDE inclusion plot. The present limits from BNL-E776, KARMEN, BNL- 
E734, Bngey, CCFR are reported. For comparison is also shown the limit that would be 
expected by the upgraded KARMEN detector in a three years negative search. 
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Figure 7: Spectra of oscillation events for different values of Am 


2 

e/x’ 


of 5 • 1CT 5 can be achieved resurrecting the old PS neutrino beam line. This corresponds 
to a reduction of the u e beam contamination by more than two orders of magnitude with 
respect to conventional neutrino beams. 

This anti-tagged beam can be exploited for a zero background appearance search 
for Up —> u e oscillation, with a sensitivity which is an order of magnitude better than any 
present or approved experiment. 

According to the LSND result, 112 oscillation events could be collected in a two 
years run with a background of 1.1 -h 2.4 events. This sample could allow an analysis 
of the neutrino energy modulation for an unmistakable oscillation signature and Am^ 
measurement. 
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